Background: We hypothesize that depressive and anxiety disorders, chronic pain conditions, and work-related factors are significant determinants of the time interval for return to work (RTW) in the workers' compensation (WC) population following carpal tunnel release (CTR) surgery. Methods: We retrospectively reviewed records of all WC patients who underwent open CTR surgery over a 5-year period by 1 of 3 fellowship-trained hand surgeons. One hundred fifty-two wrists in 108 patients (64 unilateral, 44 bilateral) met the inclusion criteria. Demographic, medical, and surgical data were obtained from patient records. Bivariate and multivariate analyses were performed to assess predictors of RTW. Results: Eighty-nine percent of all patients returned to work full-duty. Average RTW duration in all wrists was 12.5 ± 11.3 weeks. Predictors of delayed RTW in bivariate and multivariate analyses were depression with or without anxiety, chronic pain disorders including fibromyalgia, preoperative opioid use, and modified preoperative work status. Job type, motor nerve conduction velocity, and bilateral surgery were not predictive of delayed RTW interval. Conclusions: WC patients with depression, anxiety, or fibromyalgia and other chronic pain disorders were significantly more likely to have delayed RTW following CTR than were WC patients without these conditions. In addition, those who use opioid medications preoperatively and those with preoperative work restrictions were also found to have a significantly delayed RTW after CTR. Knowledge of these risk factors may help care providers and employers identify those WC patients who are most likely to have a protracted postoperative recovery period.
Introduction
Carpal tunnel syndrome (CTS) is the most common compression neuropathy in the United States. 4 According to the United States Bureau of Labor Statistics, CTS accounted for the third highest number of median days away from work in 2013, behind only injuries involving fractures, 32 and is generally associated with significant costs to society and the health care system. 12, 22 Carpal tunnel syndrome is frequently claimed to be an occupational disease, though studies have both supported and refuted this claim. 11, 20, 27, 28 Workers' compensation (WC) patients who undergo carpal tunnel release (CTR) have been found to have poorer outcomes and delayed return to work (RTW) when compared with noncompensated patients in prior studies. 5, 9, 10, 14 Surgical outcomes in WC patients are multifactorial and may be dependent upon economic, psychological, social, work-related, and legal factors that are often difficult to parse out. 9, 10, 19, 21, 29 Although studies in noncompensated patients suggest that psychological and pain-related factors, such as depression, pain anxiety, or pain catastrophizing, and job-related factors may play an important role in patient outcomes, similar data in the WC population are lacking. 6, 8 In addition, the magnitude to which these factors affect outcomes in WC patients has not been described. The goal of this study was to determine which factors contribute to increased time to RTW following CTR in WC patients. In particular, we hypothesize that depression, anxiety, chronic pain disorders, job type, and work status are significant factors in predicting delayed RTW in WC patients.
Materials and Methods
This study was approved by our Institutional Review Board. Eligible patients were identified through a departmental electronic billing database search for Current Procedural Terminology (American Medical Association, Chicago, Illinois) code 64721 (CTR) from January 2010 through December 2014. From this data set, all patients who did not have a WC claim related to this surgery were excluded from the study. In addition, patients undergoing revision carpal tunnel surgery and those undergoing concurrent procedures at the time of CTR were also excluded.
Surgical Technique and Postoperative Protocol
All surgeries were performed by 1 of 3 fellowship-trained orthopedic hand surgeons utilizing a standard operative technique and postoperative protocol outlined as follows: Local anesthetic is injected with intravenous sedation administered by an anesthetist. Under tourniquet control using loupe magnification, an incision is made beginning 1 cm distal to the wrist crease, extending 2 to 2.5 cm distally in line with the ray of the ring finger. Subcutaneous tissue and palmar fascia are incised, and the transverse carpal ligament is released under direct visualization. Hemostasis is achieved, wounds are irrigated and then closed with 4-0 nylon suture in vertical or horizontal mattress fashion, and sterile dressing is applied. Postoperatively, patients are seen in 7 to 14 days, sutures are removed, and patients are instructed in a program of scar massage. At that time, they are advised to refrain from any forceful grip or heavy lifting activities for an additional 2 weeks, at which point they may then use the hand as tolerated.
Data Collection
Demographic, social, medical, and disease-specific data were obtained from departmental records. We defined our primary outcome of interest to be time from surgery until RTW at full-duty status (in weeks), as documented by the treating surgeon. For patients who underwent staged bilateral surgeries and returned to work full-duty in the interim, both procedures were accounted for separately. For patients who underwent staged bilateral surgeries but remained out of work in the interim, RTW was determined using the second surgery, and the first surgery was excluded.
Categorical predictor variables included depression, anxiety, fibromyalgia (or other chronic pain conditions), preoperative opioid use, diabetes, alcohol use, smoking history, work status at time of surgery (full-vs modified duty), marital status, and job type.
For the purposes of this study, depression was defined as active use of antidepressant medication(s) from written or oral history, or from outside records and one or both of the following: (1) history of depression as reported orally by the patient or as documented from outside medical records and (2) positive report of depression on written review of symptoms intake form. Anxiety was defined in the same fashion.
Chronic pain disorders (including fibromyalgia) were defined similarly by patients with both a positive history of chronic pain and active treatment with pain medication. Unlike depression and anxiety, the review of symptoms form was not utilized for the definition of chronic pain due to its lack of specificity. Patients who were regularly taking opioids preoperatively for pain, which we defined as a minimum of 3 doses per week, regardless of whether or not they had a diagnosis of chronic pain, were also noted.
Work status at time of surgery was defined as either fullduty without restrictions or modified duty, which included light duty with restrictions or out of work altogether. Job type was classified according to the Dictionary of Occupational Titles (DOT), which classifies jobs into 5 categories: sedentary, light, medium, heavy, and very heavy. 26 Continuous variables included body mass index (BMI) and preoperative motor nerve conduction velocity (NCV) as measured in meters per second. In addition, job type was also analyzed as a continuous variable, scored from 1 (sedentary) to 5 (very heavy), as described by the DOT.
Statistical Analysis
Bivariate analysis was performed using the Student t test to compare RTW for dichotomous categorical explanatory variables and using analysis of variance (ANOVA) for nominal variables with more than 2 possible answers. Pearson correlation coefficient was calculated to determine the relationship between RTW and continuous variables. Those variables found to have a statistically significant effect (P < .05) on RTW in bivariate analysis were subsequently utilized in a multivariate linear regression model, using a forward stepwise selection method. All statistical analyses were performed using Minitab (Version 17.2.1 for Windows; State College, Pennsylvania).
Results
One hundred fifty-two wrists in 108 patients met inclusion in this study. Sixty-four patients had unilateral and 44 patients had bilateral surgeries. Of the 44 patients (88 wrists) with bilateral procedures, 27 patients (54 wrists) did not return to work in the interim between the 2 surgeries, whereas 17 patients (34 wrists) returned to work full-duty in the interim period. After excluding the first of 2 surgeries in the 27 patients who remained out of work until after both surgeries, the final cohort consisted of 125 wrists in 108 patients.
Of the 108 patients in the final cohort, 88 (81%) were working full-duty up until the time of surgery. The remaining 20 (19%) patients were classified as "modified duty"; 13 (12%) of them were working light duty, whereas 7 (7%) patients were not working in any capacity at the time of surgery. No patients in this study were pulled out of work prior to surgery by the treating surgeon; those who were on modified duty or out of work were placed on restrictions by an outside physician.
Eighty-nine percent of patients returned to full-duty work. Average RTW interval was 12.5 ± 11.3 weeks for the entire cohort. Females compromised 61% of the cohort. Average age at the time of surgery was 49.5 ± 8.7 years.
Significant predictors of RTW after bivariate analysis were depression with or without anxiety (no patients were found to have isolated anxiety without depression using our methodology), fibromyalgia (or other chronic pain disorder), preoperative opioid use, and modified preoperative work status (Table 1) . These 4 variables remained significant in a multivariate linear regression model, accounting for 68% of the variability in RTW (Table 2) . Categorical variables including gender, DOT-defined job type, diabetes, alcohol use, smoking history, and marital status did not have any statistically significant impact on RTW (Table 2 ). There was no significant difference in RTW between the unilateral and bilateral groups (P = .6). There was no significant correlation between RTW and continuous variables of BMI (r = 0.151, P = .12), preoperative motor NCV (r = −0.084, P = .36), or DOT-defined job type (r = −0.078, P = .39).
Discussion
Patients receiving WC are widely recognized to have significantly worse outcomes following surgery than the general population. 3, 10, 13, 19, 25, 30 Although the reasons for suboptimal surgical outcomes in this group are incompletely understood, they are likely the result of a multitude of factors. 10, 19, 29 Earlier studies in the general population have demonstrated a particularly strong correlation between psychosocial or psychiatric conditions and disability of the upper extremity. Kinesiophobia and catastrophic thinking have been described by Das De et al 7 to be the most important predictors of upper-extremity-specific disability. Lozano et al 24 reported that depression and ineffective coping skills were most predictive of dissatisfaction and perceived disability after CTR. Our findings align with these claims, as depression and anxiety were both significant determinants of delayed RTW. In addition, fibromyalgia and related chronic pain disorders, which are widely accepted to have a significant psychological component, were also predictive of delayed RTW. 31 Although we were unable to identify any previous studies demonstrating preoperative opioid use predicting delayed RTW in patients undergoing CTR, a similarly designed recent study in patients undergoing lumbar fusion found preoperative opioid use to predict delayed postoperative RTW. 2 Furthermore, our multivariate model suggests that these conditions may have an additive, exponential effect on delaying RTW. Interestingly, patients who were either out of duty or on modified duty took twice as long to return back to work compared with patients who were on full-duty. This is again similar to the report by Anderson and colleagues, 2 who found that those who were out of work prior to lumbar fusion surgery had significantly delayed RTW intervals. It is unclear what the exact relationship is between work restrictions prior to CTR and a longer postoperative recovery. Potential explanations may include an increased rehabilitation period needed to regain function from a prolonged absence of work or perhaps a simple unwillingness to return back to work after already being accustomed to being unemployed.
Previous studies have suggested that work-related factors play an important role in patient outcomes following CTR. 6, 8 We were surprised to find an inverse relationship, although this was not statistically significant. Specifically, utilizing the DOT classification system to categorize job duties, we found a negative correlation between job type and RTW; that is, patients with "sedentary" jobs as defined by the DOT had the longest RTW duration, and those whose jobs were defined as "very heavy" had the shortest duration. Although we are unable to explain this finding, this may suggest that the DOT, which is commonly utilized in vocational rehabilitation and disability evaluations, may not be as accurate for evaluating upper extremity work demands. This would support the findings of Opsteegh and colleagues, 26 who previously criticized the validity of the DOT when used in this setting. In addition, most of the patients in our study were employed at jobs categorized as light or medium duty, which may have limited the ability to identify differences across the 5 categories. Our findings are in contrast to those of Cowan et al, 6 who reported that job type was the most important determining factor of return to full-duty work after CTR. However, it should be noted that those authors utilized a patient-administered questionnaire that allowed leeway for patient interpretation of their own work classification as light, intermediate, or heavy labor work, which may introduce bias. De Kesel et al 8 utilized a questionnaire that specifically asked about exposure to repetitive movement and vibration and found that manual work and repetitive movements were related to a delayed RTW. Evanoff and colleagues 15 elaborated further on this idea, prospectively enrolling newly hired workers to monitor for the development of CTS, in conjunction with "Job Exposure Matrices" containing questions to evaluate upper-extremity-specific workplace exposures. Similar to the findings of De Kesel et al, the authors found a significant correlation between workplace exposures and the development of CTS. These findings, in conjunction with those of Opsteegh et al and ours presented here, suggest that detailing specific exposures pertinent to hand and wrist conditions in the workplace is likely more valuable than a basic classification system for prognosticating outcomes in these patients. Further work toward establishing a standardized scoring or classification system to predict upper extremity disability following surgery may be of great value for WC patients. 
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Quantifiable factors, such as BMI and NCV, were not predictive of RTW in our study. Although NCV historically has not been found to be associated with outcomes after CTR, 18 ,23 a more recent prospective series suggests that less severe preoperative nerve conduction studies are associated with a quicker resolution of symptoms. 17 This study is not without limitations, including its retrospective nature. Another possible critique is the use of RTW as a surrogate for patient outcomes after CTR, as is does not necessarily reflect functional status. However, RTW is an accepted measure that has been used in numerous previous CTR outcome studies. 1, 5, 6, 8, 21 On a similar note, it warrants mention that RTW duration was based on the date the patient was cleared to RTW by the treating surgeon, not necessarily the exact date of return. It is possible that the actual time to RTW was greater than 12 weeks. However, because our practice generally involves a joint discussion between the patient and the surgeon in determining RTW, the patient is not released to work fullduty unless they feel ready to do so, which presumably minimizes the discrepancy between the surgeon-recommended and actual RTW durations. We acknowledge that another limitation to our study is the methodology by which we defined comorbid depressive, anxiety, and chronic pain disorders. Because this was a retrospective study, we were forced to rely solely on clinical documentation for these definitions. Thus, there was no accurate means of assessing the patients' present symptomatology with regard to their mood or anxiety level during the course of their treatment. While this may limit the accuracy of these diagnoses, we feel that it also lends itself to reproducibility, as surgeons are more likely to rely on patient-dictated history and review of symptoms than to perform a psychological assessment themselves. In summary, despite the drawbacks associated with this study, we feel that our findings are important for predicting which WC patients may have a further protracted recovery. This may allow for the treating surgeon, mental health specialist, occupational therapist, and other care providers to introduce the appropriate accommodations and interventions.
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